Purpose Embryonic poly(A)-binding protein (EPAB) and poly(A)-binding protein, cytoplasmic 1 (PABPC1) bind poly(A) tails of mRNAs and mediate their translational regulation in germ cells and early preimplantation embryos. Although expression patterns and possible functions of the Epab and Pabpc1 genes have been examined in vertebrate germ cells and early embryos, their expression levels and cellular localizations in the postnatal mouse ovaries remained elusive. Methods In the present study, we first aimed to characterize expression levels of the Epab and Pabpc1 genes in the prepubertal (1-, 2-, and 3-week old), pubertal (4-, 5-, and 6-week old), postpubertal (16-week and 18-week old), and aged (52-, 60-, and 72-week old) mouse ovaries by using quantitative real-time polymerase chain reaction (qRT-PCR). Results Epab mRNA was predominantly expressed in the prepubertal ovaries when compared to later developmental periods. However, Pabpc1 transcript was highly generated in the prepubertal and pubertal mouse ovaries except for 1-week old ovary than those of other developmental terms. In the prepubertal mouse ovaries, RNA in situ hybridization localized both Epab and Pabpc1 transcripts in the cytoplasm of oocytes and granulosa cells of all follicular stages. Consistently, Epab and Pabpc1 gene expression were detected in the cumulus cells and MII oocytes obtained from cumulus oocyte complexes (COCs). Ovarian follicle counting in the postnatal ovaries revealed that total number of follicles was higher in the prepubertal ovaries in comparison with later stages of development. Conclusion As a result, Epab and Pabpc1 expression exhibit differences at postnatal ovary development stages and both genes are transcribed in the granulosa cells and oocytes. These findings suggest that EPAB may predominantly play roles in translational regulation of the mRNAs during early oogenesis and folliculogenesis, but PABPC1 most likely perform these roles in the later terms of ovarian development along with EPAB protein.
Introduction
Embryonic poly(A)-binding protein (EPAB; also known as PABPc1-like and ePABP) essentially play key roles in translational induction, cytoplasmic polyadenylation and in preventing deadenylation of maternally stored mRNAs until embryonic genome activation (EGA) occurs [1] [2] [3] . Following EGA, the poly(A)-binding protein, cytoplasmic 1 (PABPC1; also known as PABP1) largely carries out these functions in place of EPAB [2] . Both proteins have highly similar structures: RNA-recognition motifs (RRMs), the PABP C-terminal domain (PABC), and a proline-rich region between fourth RRM motif and PABC domain. While the RRM motifs provide EPAB or PABPC1 proteins binding to specific sequences of the mRNAs such as poly(A) tails, the PABC domain facilitates interactions between PABP and other cytoplasmic proteins. However, potential roles of the proline-rich region that structurally differs from other PABP domains remained elusive.
The expression patterns of the Epab and Pabpc1 genes have been assessed in mouse [4] and human [5] ovaries, oocytes and early embryos, and in the postnatal mouse testes [6] . Although Pabpc1 is transcribed in the mouse tissues such as liver, kidney, heart, spleen, small intestine, testis and ovary, Capsule Understanding importance of the PABP proteins during postnatal ovarian development would provide us to create new treatments for various types of ovarian diseases.
Epab is expressed only in the mouse ovary and testis tissues [4] . In the mouse ovary, the Epab mRNA is localized to only oocyte cytoplasm of the growing follicles by using RNA in situ hybridization [4] . In the postnatal mouse testes, Epab is exclusively transcribed in the male germ cells at the ages from 6-day to 88-day old, whereas Pabpc1 is produced in the intertubuler cells as well as germinal epithelial cells of the postnatal testes tested here [6] . A recently published study showed that Epab-knockout (Epab −/− ) female mice were infertile, but both Epab −/− and Epab +/− males, and Epab +/− females were found to be fertile [7] . Epab −/− female mice was not enable to produce metaphase II (MII) oocytes or embryos in vivo or in vitro, and could not activate translation of the maternally-derived mRNAs such as Ccnb1 (Cyclin B1) and Dazl (Deleted in azoospermia-like). Interestingly, microinjection of Epab mRNA into Epab −/− germinal vesicle (GV)
stage oocytes did not rescue the oocyte maturation, suggesting that EPAB is most likely required for earlier stages of oogenesis [7] . Also, increased number of secondary follicles, decreased diameters of oocytes within antral follicles and antral follicles, a 8-fold decreased ovulation rates, and cumulus expansion impairment were reported in Epab −/− female mice.
Consequently, these findings show that EPAB is essential for female fertility, oocyte maturation, and folliculogenesis [7] . Briefly, folliculogenesis defines follicular development from primordial to antral follicles, is started at early postnatal development, and continues until late term of life span [8] [9] [10] . Initially, a subset group of primordial follicles composed of flattened granulosa cells surrounding a diplotene-arrested oocyte is stimulated to form primary follicles, including one layer of cuboidal granulosa cells [11] . Then, they are transformed into secondary follicles that consist of two or more layers of granulosa cells, which will later be enclosed by a theca cell layer. With further growth, secondary follicles become preantral follicles (also known as early antral follicles) with small spaces between granulosa cells [8, 9] . When a female mouse reaches sexual maturity, around 4 weeks of development, the fully matured antral follicles with one big antrum, ovulate oocyte at metaphase II stage of the second meiotic division (reviewed in [12] ). It is noteworthy that oocytes residing in the antral follicles are surrounded by specialized granulosa cells, called cumulus cells. These granulosa cells serve different functions from that of the granulosa cells lining the follicle wall, called mural granulosa cells [13] . Following ovulation, both mural granulosa cells and theca cells undergo the process of luteinization and terminally differentiate into an endocrine structure, known as corpus luteum (CL). If pregnancy does not occur, the corpus luteum will commence to gradually regress in size. Finally, it transforms into a corpus albicans structure, which is largely composed of fibrous connective tissue [14, 15] .
As a result, follicular development begins at the early term of postnatal life, and during folliculogenesis granulosa cells and oocytes undergo key morphological and physiological changes (reviewed in [16, 17] ). Maternal mRNAs in the growing oocytes, being used during oocyte maturation, fertilization and early embryo development are transcribed concomitantly with the beginning of early folliculogenesis in the early postnatal life, and it continues during later developmental periods [18, 19] . However, in aged ovaries the number of ovulating oocytes and follicles remarkably decreases, and conversely atretic follicle numbers predominantly increase [20, 21] .
In the present study, we have characterized expression profiles of the Epab and Pabpc1 genes in the postnatal mouse ovaries at the terms of prepubertal (1-, 2-, and 3-week), pubertal (4-, 5-, and 6-week), postpubertal (16-and 18-week) and aged (52-, 60-, and 72-week). Additionally, we evaluated localizations of the Epab and Pabpc1 mRNA in the prepubertal mouse ovaries, counted all classes of follicles in the postnatal ovaries, and analyzed expression levels of these genes in the cumulus cells. As a result, our findings suggest that Epab and Pabpc1 are differently expressed during postnatal developmental stages, and they most probably play central roles in oogenesis and folliculogenesis.
Material and methods

Animals and collection of postnatal mouse ovaries
Postnatal mouse ovaries were collected from female BALB/c mice at the ages of 1-, 2-, 3-, 4-, 5-, 6-, 16-, 18-, 52-, 60-, and 72-week. All mice used in the current work were housed with free access to food and water, and they were kept under a 12 h light-dark cycle in the Experimental Animal Care and Production Unit of Akdeniz University, School of Medicine. All experimental protocols were approved by the Akdeniz University Institutional Animal Care and Use Committee (Protocol No. 2011.09.08).
Three female mice from each week were sacrificed with cervical dislocation after inhalation of ether vapor for 30 s. Then, ovaries were obtained under sterile conditions. For each mouse, one ovary was used for qRT-PCR, and the other one was taken for routine paraffin embedding.
qRT-PCR reaction of the Epab and Pabpc1 mRNA Total RNA isolation from postnatal mouse ovaries was carried out using Trizol reagent (Life Technologies, Darmstadt, Germany) according to instructions of the manufacturer. The concentration of the isolated RNA was calculated by measuring the absorbance at 260 and 280 nm. The 10 μg of the RNA was subjected to DNase I (Ambion, Austin, Texas, USA) to eliminate genomic DNA contamination. Then, reverse transcription reaction was performed with a RETROscript kit (Ambion, Austin, TX, USA) in two steps according to the manufacturer's instructions: first, equal amounts of DNase-treated RNA (2 μg) and random decamers were incubated at 85°C for 3 min to unwind any secondary structure therein. Second, other reverse transcription reaction components composed of 2 μl of 10X RT buffer, 4 μl of 1.25 mM dNTP mix, 1 μl of RNase inhibitor (10 units/μl), and 1 μl of MMLV-RT (100 units/μl) were added and then incubated at 44°C for 1 h. Finally, the MMLV-RT enzyme was inactivated at 92°C for 10 min.
The expression levels of Epab and Pabpc1 mRNA in the postnatal mouse ovaries at the ages of 1-, 2-, 3-, 4-, 5-, 6-, 16-, 18-, 52-, 60-, and 72-week were assessed in triplicate by using qRT-PCR. The qRT-PCR reaction was set up in a reaction volume of 25 μl containing 12.5 μl of 2X SYBR green supermix (Qiagen, Valencia, CA, USA), 0.4 μM of each primer and 1 μl of cDNA template, and PCR cycling was performed on a Rotor-Gene (Corbett Research, Sydney, Australia). The sequences and localization of the Epab, Pabpc1, and β-actin primers are given in Table 1 . The β-actin expression was used as an internal control, against which Epab and Pabpc1 gene expression were normalized. Then, the relative Epab and Pabpc1 gene expression levels were calculated by using 2 -ΔΔCt (cycle threshold) method and reported as fold changes in the postnatal ovaries. Note that the specifity of Epab, Pabpc1 and β-actin qRT-PCR products were confirmed by a melting curve analysis at the end of each reaction.
The relative abundance of follicles in the postnatal ovaries
The postnatal ovaries obtained from female mice at the ages of 1-, 2-, 3-, 4-, 5-, 6-, 16-, 18-, 52-, 60-, and 72-week were fixed in Bouin's fixative for 12 h at 4°C, and then dehydrated in increasing concentrations of ethanol. Following dehydration, ovaries were cleared in xylene and embedded in paraffin. Serial sections at 5 μm thickness were cut from paraffinembedded ovarian blocks using a rotary microtome (Leica, Nussloch, Germany).
To determine the relative abundance of follicles from primordial to antral follicles in the postnatal ovaries, hematoxylin and eosin (HE) staining was performed on the serial sections. For HE staining, the sections were initially incubated at 60°C for 1 h, treated twice with fresh xylene for 10 min each time, and then rehydrated in decreasing ethanol series for 5 min each time. After sections were washed with tap water for 10 min, the hematoxylin followed by eosin staining was performed. After additional washes in distilled water, sections were dehydrated in increasing ethanol series, and cleared in fresh xylene. Finally, HE-stained postnatal ovary sections were analyzed under a bright-field microscope (Carl Zeiss Inc. Thornwood, NY, USA).
Histological structures of the postnatal ovaries were evaluated, and all follicles from primordial to antral follicles in the every seventh section of the postnatal ovaries were counted. Follicular classification was performed as primordial, primary, secondary, early antral, and antral follicles as defined previously [22] . In brief, primordial follicles had an oocyte surrounded by a single layer of flattened pregranulosa cells; however, primary follicles were identified as an oocyte enclosed by a layer of cuboidal granulosa cells. Secondary follicles possessed two or three layers of cuboidal granulosa cells surrounding the oocyte, but there was no visible antral cavity among granulosa cells. In the preantral follicles (also known as early antral follicles), small follicular spaces between granulosa cells began to form and these follicles were composed of four or more layers of granulosa cells. The most prominent characteristics of the antral follicles were presence of a big antrum filled with follicular fluid, and their oocytes were surrounded by specialized granulosa cells known as cumulus cells. Based on distinguishing morphological features of the follicles, all follicles from primordial to antral follicles were counted in the HE-stained postnatal ovary sections, and number of each follicle per section was calculated.
RNA in situ hybridization (RNA ISH)
Localization of the Epab and Pabpc1 mRNA in the prepubertal ovaries (1-, 2-, and 3-week old) was evaluated with RNA in situ hybridization. To this end, we have first created Epab and Pabpc1 DNA probes with PCR technique by using cDNA synthesized from mature mouse ovaries. Amplifications were performed for 35 cycles of PCR as used for qRT-PCR reaction, with the exception of 1 min extension steps in a volume of 50 μl reaction mixture as mentioned above including 0.02 mM Dig-UTP (Roche, Indianapolis, IN, USA). The PCR products were fractionated on a 1.5 % agarose gel and purified using QIAEX II gel extraction kit (Qiagen, Valencia, CA, USA). The efficiency of labeling and amount of the produced Epab or Pabpc1 probes were confirmed in comparison with a labeled control DNA in a dot blot according to the The RNA ISH method applied in the present study was modified from our previous work [6] . Briefly, paraffin sections at 5 μm thickness taken from prepubertal mouse ovaries were incubated at 60°C for 1 h. After that, sections were cleared twice with fresh xylene and rehydrated in decreasing concentrations of ethanol followed by rinsing in distilled water. Permeabilization with 5 μg/ml proteinase K (Roche, Indianapolis, USA) in PBS with 0.1 % Tween 20 (PBST) at 37°C for 30 min was followed by postfixation in 4 % paraformaldehyde in PBS for 5 min at room temperature. After washing with PBST, sections were incubated in prehybridization buffer [50 % formamide, 5 mM EDTA, 4X SSC, 0.1 % Tween 20, 1 % blocking reagent (Roche, Indianapolis, IN, USA), 100 μg/ml yeast tRNA (Ambion, Austin, Texas, USA), 0.5 % CHAPS (Sigma-Aldrich, St. Louis, MO, USA)] at 37°C for 2 h. Hybridization with 300 ng/ml of digoxigenin-labeled Epab or Pabpc1 probes was carried out at 42°C overnight. It is important to note that for negative control, certain sections were hybridized with digoxigenin- 
RT-PCR reaction for the cumulus cells
To confirm RNA in situ hybridization findings on presence of the Epab mRNA expression in the granulosa cells of growing ovarian follicles, we isolated cumulus-oocyte complexes (COCs). For this purpose, 6-week old BALB/c female mice were superovulated with 5 IU pregnant mare serum gonadotropin (PMSG), and 48 h later 5 IU human chronic gonadotropin (hCG) were injected intraperitoneally. After 14 h of hCG injection, the COCs were collected from oviducts by using a mouth-controlled pipette under a dissecting microscope (Zeiss, Oberkochen, Germany). By incubating the COCs with a 1 mg/ml hyaluronidase solution (Sigma-Aldrich, St. Louis, MO, USA), the cumulus cells and MII oocytes were enzymatically separated.
Total RNA isolation from cumulus cells and MII oocytes were carried out using RNAqueous Microkit (Ambion, Austin, Texas, USA) according to instructions of the manufacturer. The DNase treatment and reverse transcription reaction steps of the extracted RNA were performed as described above. PCRs were performed on cDNAs using Taq DNA polymerase (Qiagen, Valencia, CA, USA). Amplifications were carried out with 35 cycles of PCR, in which the initial 5 min denaturation at 95°C was followed by a "touch-down" program for 10 cycles of 92°C for 30 s, 65°C for 30 s (−1°C per cycle), and 72°C for 30 s, and final extension at 72°C for 10 min, in a volume of 25 μl reaction mixture containing 10X PCR buffer (Qiagen, Valencia, CA, USA), 0.125 mM of each dNTP (Roche, Indianapolis, IN, USA), 0.5 μM of each primer (Keck Facility, CT, USA), and 2 units of Taq DNA polymerase (Qiagen, Valencia, CA, USA). All PCR products were separated on 1.5 % agarose/TBE gels and visualized by ethidium bromide staining. All primers used here are given in Table 1 .
Statistical analysis
The one-way ANOVA test was used to test the differences among postnatal mouse ovaries. Statistical calculations were carried out using SigmaStat for Windows, version 3.0. The value of P<0.05 was considered to be statistically significant.
Results
In the present study, expression levels and localization of the Epab and Pabpc1 genes were first evaluated in the postnatal mouse ovaries. Findings revealed that these genes were differentially expressed during postnatal ovary developmental periods.
Epab and Pabpc1 gene expression differ in the postnatal mouse ovaries When expression levels of the Epab mRNA in the prepubertal (1-, 2-, and 3-week), pubertal (4-, 5-, and 6-week), postpubertal (16-and 18-week), and aged ovaries (52-, 60-, and 72-week) were analyzed, it was observed a significant higher level in the prepubertal ovaries (P<0.05; Fig. 1 ). In the pubertal and postpubertal ovaries, the Epab mRNA levels gradually declined from 4-week to 18-week, except for the 6-week ovary that exhibited a significant increase in the Epab expression compared with the 5-week ovary. It is important to note that the 60-and 72-week old ovaries transcribed the Epab mRNA at the very lowest levels when compared to other postnatal ages (P<0.05; Fig. 1) . Similarly, there was slightly, but significantly increased Epab expression in the 52-week ovary than those of postpubertal ovaries (P<0.05; Fig. 1) .
The Pabpc1 mRNA expression was found to be at higher levels in both prepubertal and pubertal ovaries and it was reasonably decreased in the postpubertal and aged ovaries (P<0.05; Fig. 2) . Interestingly, the 1-week ovary had the lowest Pabpc1 mRNA expression when compared to other ovarian developmental stages (P<0.05; Fig. 2 ).
Epab and Pabpc1 mRNA localization in the prepubertal mouse ovaries
Since Epab mRNA was highly expressed in the prepubertal ovaries at the ages of 1-, 2-, and 3-week of development, we examined cellular and subcellular localizations of the Epab and Pabpc1 mRNA in the prepubertal ovaries. Thus, the spatial and temporal expression pattern of the Epab and its relationship with Pabpc1 was first assayed in the early ovaries.
RNA in situ hybridization localized the Epab mRNA in the follicles from primordial to preantral follicles, but there was no expression present in the stromal cells of the prepubertal ovaries tested here (Fig. 3) . Notably, as antral follicles were not found in the prepubertal mouse ovaries, they were not analyzed for Epab mRNA content. In all follicles, both Epab and Pabpc1 mRNA were cytoplasmically resided in the oocytes and granulosa cells. Since PABPC1 functions as a general cytoplasmic poly(A)-binding protein in somatic and germ cells, it was also transcribed in the stromal cells of prepubertal ovaries as expected (Fig. 3 ).
Follicles were counted in the postnatal mouse ovaries
The HE-stained sections of the postnatal mouse ovaries were analyzed to evaluate their histological structures and to count the follicles from primordial to antral follicles. Since RNA in situ hybridization localized the Epab mRNA in all follicles from primordial to antral follicles, we have counted all follicle stages to assess the relationship between Epab mRNA expression and follicle numbers. In the 1-week ovary, histological development continued and only certain follicles such as primordial, primary and secondary follicles were observed at this stage of early development. However, in addition to the early follicles, preantral follicles began to appear, but there were no antral follicles in the 2-and 3-week ovaries (Fig. 4) . The antral follicles first occurred in the 4-week ovary as well as early stage follicles, and ovarian development was largely Fig. 1 Expression levels of the Epab mRNA in the postnatal mouse ovaries. The Epab gene expression was normalized to β-actin levels, and the relative expression profiles of the target gene were calculated by using the 2 -ΔΔCt (cycle threshold) method. The 60-week was used as a calibrator, and its values were set to 1. The findings revealed that prepubertal mouse ovaries had significantly higher Epab gene expression when compared to later developmental terms. In general, Epab gene expression was gradually decreased during later developmental periods and reached its lowest levels in the aged mouse ovaries. The qRT-PCR results were given as mean ± SD (standard deviation). The P value of <0.05 was considered significant. Different letters depict statistical difference complete at this age (Fig. 4) . Based on our ovarian development time points, corpus luteum formation first appeared in the 5-week ovary (Fig. 4) . Similarly, during later ovarian development periods at the 6-, 16-and 18-week, all follicular stages and corpus luteum formation were also monitored. However, remarkable changes were observed in the aged ovaries from 52-, 60-, and 72-week old mice (Fig. 4) . The number of follicles and corpus luteum development in the aged ovaries predominantly fell to minimal levels, and ovarian stromal area was regressed and partially destroyed (Fig. 4) . Moreover, number of both atretic follicles and corpus albicans reached relatively large amounts in comparison with former postnatal ovarian stages (Fig. 4) .
We counted all follicles from primordial to antral follicles and found that populations of the follicles in the postnatal ovaries exhibited dramatic differences during aging. As expected, the total number of follicles was in the highest levels in the prepubertal ovaries (Table 2) . Total follicle numbers slightly decreased in the 4-, 5-, and 6-week old ovaries, further declined in the 16-, 18-, and 52-week ovaries, and it reached the lowest levels in the 60-and 72-week ovaries (Table 2 ).
Cumulus cells expressed both Epab and Pabpc1 mRNA RT-PCR results revealed that cumulus cells expressed both Epab and Pabpc1 mRNA (Fig. 5) . Since cumulus cells were originated from granulosa cells of the antral follicles, presence of the Epab and Pabpc1 expression in the cumulus cells suggested that granulosa cells of the antral follicles transcribed the Epab and Pabpc1 genes. As expected, MII oocytes obtained from COCs also expressed both Epab and Pabpc1 mRNA (Fig. 5) .
Discussion
In the present study, we first showed that the Epab and Pabpc1 mRNA were differently expressed in the postnatal mouse ovaries at different ages of development. Also, both Epab and Pabpc1 mRNA were cytoplasmically localized in the granulosa cells and oocytes of all follicles from primordial to preantral follicle.
Since follicular development in mammals starts early in ovarian development, synthesis and storage of maternal mRNAs in the oocytes are carried out concomitantly. Therefore, we propose that EPAB may function in stabilization and translational control of these mRNAs generated during early oogenesis. Consistent with this, Epab expression remarkably increased in the prepubertal mouse ovaries, which most probably derives from presence of higher number of follicles in these stages than that of later terms of the mouse ovaries. Similarly, slightly increased Epab and Papbc1 mRNA expression in the 6-week old ovary when compared to 5-week old ovary may result from higher content of the follicles where both Epab and Pabpc1 mRNA were found to be resided. In Fig. 2 Expression levels of the Pabpc1 mRNA in the postnatal mouse ovaries. The Pabpc1 gene expression was normalized to β-actin levels, and the relative expression profiles of the target gene in the postnatal ovaries were calculated by using the 2 -ΔΔCt (cycle threshold) method. The 1-week was used as a calibrator, and was set to 1. The findings revealed that both prepubertal and pubertal mouse ovaries possessed significantly higher Pabpc1 gene expression, except for 1-week ovary.
Generally, Pabpc1 gene expression was gradually decreased during postpubertal development periods. The most interesting finding of this analysis was that the 1-week ovary had the lowest Pabpc1 expression among postnatal ovaries tested here. The results were given as mean ± SD (standard deviation). The P value of <0.05 was considered significant. Different letters depict statistical difference parallel, Epab expression gradually decreased in pubertal and postpubertal ovaries, and reached its lowest levels at ages 60-and 72-week old ovaries, in which predominant changes in the follicular content occurred.
PABPC1 is ubiquitously expressed poly(A)-binding protein and functions in stabilization and promotion of translation in somatic cells or germ cells. For proper follicular development, transcribed mRNAs in the granulosa cells and oocytes must be translated based on the time table. We think that the PABPC1 protein plays central roles in posttranscriptional regulation of the mRNAs throughout folliculogenesis and oocyte maturation. As the follicular contents of postnatal ovaries change during developmental stages, remarkable fluctuations were observed for the Pabpc1 expression in the postnatal ovaries. For example, the Papbc1 mRNA expression was lowest levels at 1-week ovaries, even lower than in aged mice ovaries. Most probably, this may derive from the expression level of the Papbc1 gene progressively increased during follicular development since the 1-week ovary had higher number of primordial follicles than other follicle types. However, this should be proved by analyzing the expression levels of the Pabpc1 gene in the isolated follicles from primordial to antral stages. Moreover, throughout ovarian development the number and gene expression characteristics of these cells probably exhibit alterations, which might lead to fluctuation in the Pabpc1 gene expression as seen in the 1-week ovary.
Studies on the Xenopus laevis [2] , mouse [4] , and human [5] oocytes and early embryos showed that there was a robust correlation between Epab and Pabpc1 gene expression patterns. In the present study, Epab and Pabpc1 gene exhibited Fig. 3 Localizations of the Epab (A, B and C) and Pabpc1 (D, E and F) mRNA in the prepubertal mouse ovaries. Having found higher Epab expression in the prepubertal mouse ovaries at the ages of 1-, 2-, and 3-week, localizations of the Epab and Pabpc1 mRNA were analyzed. RNA in situ hybridization demonstrated that the Epab mRNA was localized to cytoplasm of oocytes and granulosa cells of the follicles from primordial to preantral stages. Similarly, all follicles and also stromal cells had the Pabpc1 mRNA expression. It is important to note that there was no reaction in the negative control sections (G, H, and I) established for each experiment. The arrows depict oocytes including Epab or Pabpc1 mRNA, and the arrowheads demonstrate granulosa cells expressing these genes. Note that all pictures were taken at X400 original magnification, and inserts were at X600 magnification. The scale bar represents 50 μm different expression patterns in the postnatal mouse ovaries, indicating no prominent association between these two genes. It is important to keep in mind that the expected correlation for the Epab and Pabpc1 genes may not emerge in the total ovary evaluations, thus granulosa cells and oocytes obtained from each follicular type should be analyzed separately.
The localization of Epab mRNA in mouse ovary was first documented in a previous study [4] . In that study, Epab mRNA was detected only in oocytes of the growing follicles. In our study, we found the Epab mRNA in both granulosa cells and oocytes of the follicles in the prepubertal mouse ovaries. The remarkable differences in these two studies may arise from use of distinct probes specifically hybridized to different parts of the Epab mRNA. The RNA probe created by Seli et al. was specific to the exon 11 of the Epab gene, whereas our DNA probe was designed to specifically hybridize to the exon 8/exon 9 of the Epab mRNA. Also, the use of different mouse strains, CD1 in the previous study and BALB/c in the present study, may implicate in the different findings. However, presence of the Epab mRNA expression in the cumulus cells increases the possibility that granulosa cells of the follicles express the Epab transcript. Additionally, impaired folliculogenesis in the Epab-deficient female mice such as increased number of secondary follicles and expansion defects in the cumulus cells [7] suggests that EPAB may play critical roles in the granulosa cells throughout folliculogenesis.
The Epab-null oocytes also exhibited abnormal spindle formation and impaired chromosome alignment at the metaphase plate [7] . As is well known, meiosis in mouse oocytes begins at around embryonic day 13.5 and it is arrested at diplotene stage of meiosis I [23, 24] . These findings suggest Fig. 4 Hematoxylin-eosin (HE) stained postnatal mouse ovaries. Histological structures of the postnatal ovaries were analyzed herein. All follicles from primordial to antral follicles began to occur based on the time point of ovarian development, and corpus luteum formation was first observed in 5-week ovary onward. However, in the aged ovaries number of follicles and corpus luteum remarkably decreased, and many atretic follicles existed in these stages. PrF, Primordial follicle; PF, Primary follicle; SF, Secondary follicle; PAF, Preantral follicle; OF, Ovulated follicle; A, Atretic follicle; CL, Corpus luteum; CA, Corpus albicans; S, Stroma. The scale bar represents 50 μm that EPAB may play roles in spindle formation and chromosomal organization during prenatal development as well as in the postnatal developmental stages. In the current work, we found Epab mRNA expression in the cumulus cells isolated from mature mice; however, Guzeloglu-Kayisli et al. (2012) observed quite low Epab mRNA expression in the cumulus cells [7] . This difference may result from use of different techniques and use of distinct primers to amplify the Epab mRNA, since there are several Epab mRNA isoforms identified before [4, 5, 25] .
Up to now, there is no antibody specific to mammalian EPAB protein; however, previously generated antibody for the Xenopus EPAB protein provided researchers to characterize the interaction between EPAB and translation related complexes. They found that EPAB associates with the CPEB1-SYMPK-CPSF [3] and DAZL-Pumilio complexes [26] , both of which function in translational regulation of the maternal mRNAs. Additionally, a recently published study revealed that ePAB protein is undergone a dynamic phosphorylation at four residue cluster in Xenopus laevis oocytes, which is required for cytoplasmic polyadenylation but not for translation activation [27] . As a result the absence of a specific antibody for the mammalian EPAB protein restricts us to examine whether there is similar phosphorylation events and translation initiation complexes interacting with the EPAB protein in the mammalian oocytes and early embryos.
In conclusion, our results show that Epab and Pabpc1 gene expression differ in the postnatal mouse ovaries. This difference most probably results from dramatic changes of the follicles during postnatal ovary development periods. This suggests that these PABP proteins may play critical roles in regulation of certain mRNAs and proteins in the oocytes and granulosa cells, which should be evaluated in the future studies. 
